The challenges posed by climate change require that the society reconsider its patterns of production and energy consumption, which is why the innovation in the renewable energy sector is fundamental. For this reason, the participation of the State through actions that promote research, development and dissemination of the technologies in this sector is essential to overcome the technical and economic barriers it faces. This research analyzes the impact of six public policy instruments implemented to promote the technological development of the renewable energy sector: economic instruments, regulatory instruments, policy support, research, information and adaptation, and voluntary approaches; differentiating both among groups of countries according to their level of income as well as among energy sources. Through the implementation of a negative binomial model in a panel data panel setting ranging from 1970 to 2012, the results corroborate the positive impact of the implementation of public policy strategies on the innovative activity of the renewable energy sector. However, the effectiveness of the instruments varies according to the level of the wealth of the country and the energy source analysed. These results can add public policy inputs to promote innovative activity in the sector.
INTRODUCTION
Different nations have expressed their support for the implementation of public policies that promote sustainable economic development, supported by the establishment of clear objectives in terms of reducing carbon emissions (OECD, 2017) . To this end, actions have been separated according to the sector to which they are directed according to their environmental impact, of which energy, transport, agriculture and fisheries stand out (OECD, 2008) . However, among these, the implementation of efforts aimed at increasing the efficiency of the energy sector is essential in achieving internationally established environmental goals, given that it provides a fundamental input for developing economic activities (Sawin and Flavin, 2006; OECD, 2011) .
Boosting innovation in the energy sector is essential to increase its efficiency and explore new, more environmentally friendly sources of energy supply, such as renewable energies. Innovation in this sector is a crucial factor that enhances the transition from the use of fossil fuels (oil, coal and natural gas) to renewable energies (wind, solar, geothermal, marine and hydraulic) in different countries, regardless of their income level, due to its impact on reducing the costs of investment, operation and maintenance of the technologies used (OECD, 2011) . However, it requires an appropriate framework, modeled by the implementation of public policies aimed at promoting environmental science and technology such as regulatory and economic instruments (EI), education and information programmes and funding for research and development (R&D) (Jaffe et al., 2005; Sawin and Flavin, 2006; Menanteau et al., 2003; Stavins, 2003; Johnstone et al., 2010; Brunnermeier and Cohen, 2003; OECD, 2011) .
Specific public policy actions promoting innovative activity in the renewable energy sector in European and Organization for Economic Co-operation and Development (OECD) countries have been studied in the literature (Johnstone et al., 2010; Popp, 2006; Arimura et al., 2007; Lanoie et al., 2011) . However, until now the impact of these actions had not been analysed according to the income level of the country or by including some of the emerging countries in the analysis (South Korea, Mexico and Turkey). The results from the present analysis are important since provide new insights to answer the following question: what is the effectiveness of the different public policy instruments on technological innovation in the renewable energy sector, according to source and income level of the country? The objective consists showing evidence regarding public policy instruments that may be suitable for an energy source, or country with a specific income level, may not necessarily be suitable for another with different characteristics.
As such, the results obtained add inputs to the elaboration of policies for the promotion of innovative activity in the renewable energy sector, distinguishing not only by sector of analysis but also by country group according to its historical average income level. Along these lines, the public policy actions implemented by 33 countries during the period 1970-2012 are analyzed in order to identify their impact. Thus, this research is composed as follows. The first section reviews the literature on the role of the State in promoting technological innovation, and the specific impacts of each measure implemented on the number of patents registered in the renewable energy sector. The second section describes the data considered in the analysis, the methodology used and the specification of the model. The third section presents and discusses the empirical results obtained and ends in the fourth section with conclusions.
LITERATURE REVIEW
The implementation of diverse actions on the part of the government in matters of environmental technological innovation has been referred to in the literature with the existence of market failures, which can be in the form of positive and negative externalities (Arrow, 1962; Mohr, 2002; Jaffe et al., 2005; Mohr and Saha, 2008; Foxon and Pearson, 2008) . As such, the implementation of an environmental policy can internalize the costs of pollution through the use of economic and regulatory instruments (Pigou, 1932; Jaffe et al., 2005) .
EIs make it possible to incorporate the environmental costs associated with its production into the price of non-renewable energy, making the "total price" of the service payable. The market-based instruments in this category are: market-based instruments, with the capacity to encourage companies to adopt the best option in terms of technology that allows them to control polluting emissions; fiscal/financial incentives that encourage the provision of competitive financing and fiscal advantages for the development of technologies that generate renewable energies; and direct investments that are investments made by the government to promote the development of the renewable energy sector (Hockenstein et al., 1997; Stavins, 2000; IEA, 2013) .
Regulatory instruments include the use of laws, regulations and standards, which establish frameworks for action by society, as well as sanctions in the event of non-compliance (Daley and Preston, 2009 ). For environmental regulation, a regulatory body (usually a government department or agency) is usually designated to define and monitor acceptable levels of pollutant emissions into the environment. The implementation of these measures can boost the business sector in detecting organizational problems that may limit them from achieving their environmental objectives (Arjalies and Ponssard, 2010) . It is important that these regulations are efficiently coordinated, have clear goals, use market mechanisms (emissions taxes, tradable allowances, performance standards), and favour innovation in the environmental sector by giving economic agents sufficient freedom to detect and use that technological solution that maximizes their benefits while complying with what has been stipulated (Porter and Van der Linde, 1995; Ambec et al., 2013) .
The implementation of an innovation policy aims to provide incentives to invest in knowledge by granting direct support for scientific research that generates marketable products or processes, increasing certainty about property rights and establishing subsidies and fiscal subsidies to invest in R&D that encourage technological change to comply with environmental regulations (Ambec et al., 2013) .
The policy support (PS) measure includes: (a) Strategic planning, which defines the problem to be addressed, establishes the objectives pursued, as well as strategies and measurement indicators; and (b) the creation institution, to design, coordinate, implement and evaluate the actions established (IEA, 2013; UN, 2010) . According to the literature, this type of measure generates a positive impact on technological innovation in the sector in general provided that clear and long-term objectives are established on the subject, facilitate the necessary institutional changes and generate a long-term, stable and consistent scenario for its development (Foxon and Pearson, 2008) .
The information and education (I&E) programmes include information provision, advice/aid implementation, performance label and professional training and qualification (IEA, 2013), which make it possible to strengthen the education of citizens regarding renewable energies and promote their consumption (Owens and Driffill, 2008) . Education and dissemination of information regarding the renewable energy sector include analysis of projects and information on different renewable energy sources, as well as training and information on government incentives in this area (Sawin and Flavin, 2006) . This type of measure is considered to be useful for reducing the risk of private investment in the renewable energy sector, which is why conferences are held, capacity-building is offered, and training programs are implemented that usually involve educational institutions in order to develop specific skills (planning, construction, maintenance, etc.) (Waissbein et al., 2013 ) .
Finally, voluntary approaches (VA) refer to voluntary agreements made by private bodies in relation to environmental issues. They rely on educational initiatives and on raising the awareness of organisations and individuals who influence their behaviour; based on collaboration, self-regulated codes of conduct, and corporate responsibility (Daley and Preston, 2009 ). These mechanisms are based on the willingness to contribute on the part of private agents, which, however, calls into question the functioning of this measure as being too weak (Daley and Preston, 2009 ). The "Green tariffs" are the most popular instruments of this category (Haas et al., 2000) .
The impact of the implementation of these instruments can be evaluated through the level of innovation inputs (R&D expenditures), or through their results by counting the number of inventions by the number of patents registered or even their level of commercialization. However, among these measures, patent counting stands out as a direct indicator of the level of innovation in a country, because it is a reliable measure of innovative activity at the industrial level and because it bears similarities to innovation at the regional level (Acs et al., 2002) . In this regard, the number of patents offers benefits by studying environmentally friendly technological change due to its detailed classification system, which makes it possible to identify advances in well-defined technological fields (Popp, 2005) . However, it is important to be aware of the limitations of this measure due to the fact that not all innovations are patented and that the number of innovations does not provide information regarding their economic impact, adaptation, or commercial value (Popp, 2005; Acs et al., 2002; Cloodt et al., 2006; Johnstone et al., 2010) .
With respect to their effectiveness, there is empirical evidence in the literature that market-based instruments, such as green taxes and tradable certificates, can encourage innovation in the renewable energy sector rather than standard-setting; the promotion of R&D activities, investment incentives, fiscal and preferential tariffs, as well as the establishment of quantitative obligations also contribute to this objective (Popp, 2005; Johnstone et al., 2010) . In addition, there is evidence of a positive relationship between the number of patents registered in the sector and the implementation of environmental regulation (Lanjouw and Mody, 1996; Brunnermeier and Cohen, 2003; Popp, 2005; 2006; Arimura et al., 2007; Johnstone et al., 2010; Lanoie et al., 2011) .
However, their impact differs according to the specific source of renewable energy generation (wind, solar, geothermal, marine and hydro), their cost structure and level of technological maturity. For example, quantitative obligations and tradable certificates favour the development of wind energy, while direct investment incentives favour innovation for solar energy and tax incentives positively affect the renewable energy sector in general (Johnstone et al., 2010) .
Furthremore, the effectiveness of the implementation of public policy instruments may vary depending on the country in which they are implemented. Developing countries may find it feasible to support their growth in the use of environmentally unfriendly technologies and thus ignore international environmental concerns and regulations, which could represent a barrier to achieving internationally established environmental goals (Akella et al., 2009) . The limited use of environmentally friendly technologies by these countries is mainly due to their high cost, compared to traditional projects; and the impossibility of developing them locally, due to high financing costs arising from the perception of a higher level of risk in the energy market, the low level of trust in the authorities, a high perception of inefficiency of the regulatory framework, existence of social resilience, technical, financial, and macroeconomic risks (Sawin and Flavin, 2006; Waissbein et al., 2013; Chow et al., 2003) .
In spite of this, some developing countries are interested in developing the renewable energy sector mainly due to the increase in the price of fossil fuels, their growing demand in the market and the possibility of export, as well as risks related to energy security (IRENA, 2015) . However, due to cost they have had to concentrate their efforts on small-scale renewable energy projects, generally from the bioenergy, wind and solar sectors (Chow et al., 2003) . For this reason, the role of the State is fundamental in encouraging the generation of technologies and increasing their competitiveness, by supporting R&D activities through the granting of subsidies or by increasing the price of fossil fuels through the establishment of taxes that discourage their consumption (Chow et al., 2003) .
Finally, variables such as GDP per capita, R&D expenditure as a percentage of national GDP and changes in energy prices can also be considered as factors impacting technological innovation in the renewable energy sector. In this regard, when comparing the innovative activity of the sector between different countries, it is necessary to consider the size of their economies in relation to their population through GDP per capita (Johnstone et al., 2010) , as well as the relationship between the number of patents per unit of GDP (Hascic and Migotto, 2015) . It is also important to have a direct indicator of innovative activity such as R&D expenditure capable of increasing the number of patents registered (Popp, 2005) . Finally, there is evidence that the number of patents in the renewable energy sector, especially the solar sector, responds positively to rising energy prices (Newell et al., 1999; Popp, 2002) .
DATA AND MODEL SPECIFICATION

Patents
Data on the number of patents registered in the renewable energy sector are taken from the OECD statistics published online (https:// stats.oecd.org/). Specifically, the analyzed database corresponds to the patent registry referring to the technological development for the mitigation of climate change through the generation, transmission or distribution of energy, which considers the renewable energy sector in general (REG) and the five sub-sectors that integrate it in particular: wind, solar (photovoltaic, thermal and hybrid), geothermal, ocean, and hydraulic. This information is provided annually and is available for the period from 1960 to 2012.
In addition, information from a total of thirty-three countries is considered, which means a total of 8,514 observations for an analysis period of 42 years (Table 3) . It is important to note that the number of patents varies considerably for each year and country analyzed.
Public Policy Actions
Data on the number of public policy actions were taken directly from the International Energy Agency (IEA) (https://www.iea. org) in its portal addressing climate change, policies and measures databases, from where it is possible to obtain information per country regarding the name or title of the public policy action implemented, the year of implementation, status (in force or completed), type of policy to which it belongs, and its objective. These data are sent to the agency by each of the OECD member countries in a common format and methodology to allow international comparisons. It is published annually and considers the following sub-sectors: hydroelectricity, solid biofuels, geothermal, municipal renewable waste, wind, biomass gas, liquid biofuels, photovoltaic solar energy, solar thermal energy, tidal/ wave/ocean, non-renewable municipal waste and industrial waste. Table 1 , the types of policies are grouped into six categories: EI, regulatory instruments, PS, research, development and deployment; I&E, and VA; which are in turn integrated by various specific public policy actions. The number and type of public policy actions implemented by each of the thirty-three countries analyzed in the period from 1970 to 2012 varies significantly (Annex 2). As can be seen, not all the policy instruments analyzed have been implemented by all the countries with the same frequency, since among them the most commonly used are those related to the promotion of R&D directly to the sector (RD&D) and EI.
As shown in
Model Specification and Empirical Results
Model specification
In order to achieve the stated objectives, the equation (in its general form) used is presented below:
The sub-index i represents the number of analyzed units, in this case, the sample of thirty-three countries; where i = 1.,33; on the other hand, the sub-index t represents the time interval used in the sample, which spans 43 years, from 1970 to 2012, which means that t = 1970..., 2012. The sample of countries analyzed considers the member countries of the OECD, with the exception of Chile and Slovenia, given that it was not possible to find the necessary information concerning the public policy actions that these countries have implemented, directed towards the renewable energy sector.
With respect to the variables analyzed, the dependent variable concerning the number of patents is found in principle, which is calculated from the counting of the number of applications for patents made in the sample of countries analyzed in each of the technological areas that make up the renewable energy sector according to the OECD (wind, solar, geothermal, marine and hydraulic). On the other hand, explanatory variables are composed of a vector of public policy variables (Policy i,t ), R&D expenditures are expressed as a percentage of gross domestic product (R&D i,t ), GDP per capita (GDP i,t ) is expressed in trillions of dollars at the same 2010 prices, as well as the annual change registered in the price of electricity (Price i,t ). Fixed effects (α i ) are introduced to account for the unobservable specific heterogeneity per country and residual variation is accounted for by the error term (ε i,t ).
The dependent variable of the present research (Patents) follows a negative binomial distribution, for this reason the equation (1) is calculated by using a model of this type, suggested for the variables that consist of counting data (such as the Poisson and negative binomial) in order to estimate the number of occurrences of an event (Maddala, 1983; Cameron and Trivedi, 1998) . The analysis of this dependent variable through the implementation of a model of this nature has been previously conducted in the literature (Johnstone et al., 2010a; Johnstone et al., 2010b) . Occasionally, the counting of an event is considered to be the implementation of a non-negative random variable of integer value (Johnstone et al., 2010b) . In this research, an event is considered to be the registration of a patent, according to information obtained from the OECD; that is, the number of events will be equal to the number of patent applications registered per country in the technological area of the renewable energy sector.
In addition, in order to have a more specific interpretation of the selected sample per country, the historical average (1970-2012) of its per capita GDP was used as the basis. The result of this analysis 
Economic instruments
Regulatory instruments Policy support Market-based instruments (GHG emission trading, green certificates, and white certificates), Fiscal/financial incentives (grants and subsidies, taxes, feed-in tariffs/premiums, loans, tax relief, and user chargers), Direct investments (funds to subnational governments, infrastructure investments, RD&D funding, and procurement rules).
Codes and standards (product standards, building codes and standards, sectoral standards, vehicle fuel-economy and emission standards), Monitoring, Obligation schemes, Other mandatory requirements, Auditing.
Strategic planning. Institutional creation.
Research, development and deployment
Information and education Voluntary approaches Demonstration project Research program (technology deployment and diffusion, and technology development).
Information provision,
Advice/aid implementation, Performance label (endorsement label and comparison label), Professional training and qualification.
Negotiated agreements (publicprivate sector), Unilateral commitments (private sector), Public voluntary schemes.
Source: Own elaboration with data of IEA (2013) is divided into two sub-samples from the general sample of thirtythree countries. The first, called sub-sample 1, includes nineteen countries that are above the average obtained, while sub-sample 2 includes those countries that are below it (Table 2) .
Likewise, and in order to carry out a more specific analysis of each of the energy sources that make up the renewable energy sector, such as wind, solar, geothermal, marine and hydroelectric; with respect to the impact of the public policy instruments analyzed regarding the innovative activity of each of them, the estimation of the general model and the model broken down in a particular way was then conducted. This in order to identify those public policy instruments that benefit the innovative activity of each source.
RESULTS AND DISCUSSION
According to the results obtained in the estimation of the general and disaggregated model, the increase in the price of electricity and the percentage of national GDP directed towards R&D activities in general, have a positive impact on the innovative activity of the renewable energy sector, which is statistically significant at 1% and 5% (Table 4 ). This is regardless of the level of wealth of the country or of the energy source analyzed, although with some variability according to the type of control (time, country, time/ country) carried out on the heterogeneity of the estimate. These results coincide with what has been pointed out in the literature, where it is argued that the increase in the price of electricity provides incentives to increase innovation in the renewable energy sector, regardless of the level of wealth of the country; and that the R&D expenditure is determinant in the promotion of patent registration (Johnstone et al., 2008; Johnstone et al., 2010b) .
Regarding the impact of GDP on innovative activity in the sector, there is an important difference according to the level of wealth of the country. For the sub-sample of countries whose historical GDP is above the average, the impact of this variable is negative; while for the sub-sample of countries below the historical average the GDP is positive (Table 4 ). This can be explained by considering that according to the data, there is a relative difference between the level of innovation of the countries analyzed that does not have a direct relationship with their level of wealth. In other words, countries with a GDP below the historical average, such as Korea, Latvia and Israel, show an important performance in innovation within the renewable energy sector per unit of GDP in the period analyzed. On the other hand, countries belonging to the first subgroup such as Denmark and Germany also show an important performance in the area measured by the number of patents registered per unit of historical GDP, which is even higher than that registered by countries such as the United States and Japan. These results coincide with what has been pointed out in the literature where it has been argued that countries such as Denmark, Switzerland and Austria stand out due to their important performance in this area even above richer countries (Johnstone et al., 2010b) .
For its part, the number of public policy actions implemented to increase innovative activity shows a positive impact for the renewable energy sector in general terms (Table 4) , which corresponds to what has been presented in the literature (Chow et al., 2003; Foxon and Pearson, 2008; Haas et al., 2011; Ambec et al., 2013) . The positive relationship between these variables shows the importance of implementing these actions, regardless of the level of wealth of the country or the renewable energy source analyzed. However, the impact of each of the public policy instruments on innovative activity in each of the energy sources shows some differences.
In principle, the EI have a positive impact on the five energy sources analyzed for the first sub-sample, with a statistical significance level of 1% and 5% (Tables 4-9 ). According to the literature, this type of instruments (from which market-based instruments and pollution taxes stand out) are favorable in promoting innovation in the sector because they offer freedom of decision to private agents to choose low-cost options and at the same time are shown as incentives for sustaining such measures in the long term (Driesen, 2005; Ambec et al., 2013) . This differs from the results obtained for the second sub-sample. Where the EI are statistically significant at 5% for the marine energy source only, but with a negative impact (Table 8 ). This may be an indicator of the ineffectiveness of these instruments to reduce financing costs (the perceived risk of investment) in the market, negatively affecting the level of competitiveness of the renewable energy sector with respect to traditional energy sources and in this regard, being unable to promote technological innovation in the sector (Waissbein et al., 2013) . In addition, it is important to mention that these types of instruments tend to have a political cost due to their impact on "property rightsm," so that when they are implemented their strength is diminished and they are ineffective in achieving their objective (Foxon and Pearson, 2008) .
The regulatory instruments (RI) also show a positive impact on the promotion of innovative activity in all energy sources analyzed, in the case of the first sub-sample (Tables 4-9). These results coincide with what is indicated in the literature, where it is argued that these instruments favour the technological development of the sector (Ambec et al., 2013) , especially for the case of the wind energy source because it is the most effective in terms of cost-benefit thermals and in this regard it is adequate for private agents to comply with the regulations imposed by the State (Popp, 2003) . However, there is a risk that the innovations that are carried out by this type of instrument are only interested in complying with what has been established and no more innovations are generated (Driesen, 2005) .
The results of this instrument for the second sub-sample differ.
The imposed regulations show a statistically significant negative impact at 1% and 5% for wind and hydropower sources (Tables 5  and 9 ). This could be explained on the basis of the characteristics of the established regulations. That is, for regulations to have any impact on the target sector they must be stable and predictable, capable of establishing adequate transition periods, focusing on objectives rather than measures and accompanied by the implementation of adequate EI (Lankoski, 2010) . If this is not achieved, then the regulation is incapable of making investments in the field more beneficial, limiting innovation in the sector (Porter and Van der Linde, 1995; Driesen, 2005; Chowdhury, 2010; Kriechel and Ziesemer, 2009; Ambec et al., 2013) .
The PS instrument shows a positive impact in the case of wind and solar energy sources for both the first and second sub-sample, with a statistical significance level of 1% and 5% (Tables 5 and 6 ). This is also true for the marine and hydroelectric sources of the second sub-sample (Tables 8 and 9 ). The positive impact of this instrument on these sources could be due to the implementation of a long-term, stable and consistent strategic framework, which combines the creation of a long-term vision and strategic objectives for the development of a technological area, through projects aimed at developing more sustainable technological alternatives (Foxon and Pearson, 2008) .
On the other hand, the RD&D demonstrate a positive impact on all energy sources analyzed, at a significant level of 1% and 5%, for the first sub-sample (Tables 5-9 ). This could account for the implementation of actions in the matter that are systemic, dynamic, non-linear and that consider an acceptable level of uncertainty;
in order to have this impact on innovation in the sector (Foxon and Pearson, 2008) . These results differ from those found in the case of the second sub-sample, where they are significant only for geothermal and hydroelectric energy sources, but for the first with a negative impact (Tables 7 and 9 ). This in spite of the public policy efforts that some countries have implemented in the case of renewable energy sources such as wind power in the implementation of demonstration projects and strategic planning (Espejo, 2004) .
Similarly, the actions aimed at increasing I&E on topics that promote innovation in the sector according to the results have a positive impact on all energy sources analyzed, at a significant level of 1% and 5%, for the first sub-sample, but not so in the case of the second sub-sample where statistically significant results were not found (Tables 5-9 ). However, according to the literature, this type of instrument has proved effective for countries such as Canada (belonging to the first sub-sample) and Mexico (belonging to the second sub-sample), where training programs have been implemented with respect to environmentally friendly productive projects, which are aimed at the business sector, considering that they do not always have sufficient time and technical knowledge to identify this type of profitable opportunities (Rochon-Fabien and Lanoie, 2010; Lyon and van Hoof, 2009 ). The idea is that the more entrepreneurs become aware of new technologies the quicker they can spread (Popp, 2005) .
Finally, the VA for the case of the first sub-sample have a positive impact for the solar energy source, but negative for the geothermal, marine and hydroelectric; with a significant level of 1% and 5% (Tables 6-9 ). This lack of effectiveness in renewable energy has been pointed out in the literature (Johnstone et al., 2010b) . However, in the case of the second sub-sample, this instrument shows a positive impact for all energy sources analyzed with the exception of the geothermal where no statistically significant result is presented (Tables 5-9 ). These results could be associated with the type and scope of sanctions associated with non-compliance in these countries (Morgenstern and Pizer, 2007) , which in turn depends on existing institutional and market characteristics (Johnstone et al., 2010b) . This type of instrument requires the accompaniment of other policy instruments such as regulatory instruments for its effectiveness (Sawin and Flavin, 2006; Arimura et al., 2007) .
CONCLUSIONS
The challenges posed by the ravages of climate change require that the society seriously reconsider production and consumption patterns. In this context, the innovation is a key support tool to facilitate the transition from a traditional economic dynamic to a more environmentally friendly one, which makes it possible to reduce the human environmental footprint while accelerating economic growth.
The energy sector is central to national economic growth. Increasing the efficiency of its production and consumption is key to achieving a country's economic and environmental goals.
In this scenario, the promotion of the renewable energy sector is fundamental, since it allows the growing demand for energy to be satisfied from the use of more environmentally friendly sources.
However, its development on a competitive scale requires the overcoming of technical and economic barriers, even more so in lower income countries. In this regard, the State can find a window of action through which it can implement a series of actions aimed at promoting innovative activity in the sector.
This research analyzes the relationship between variables such as the price of electricity obtained from conventional sources, R&D spending, national GDP and the specific actions implemented by the government over a period of 33 years and the technological innovation of the renewable energy sector in general and of five energy sources of this type in particular: wind, solar, marine, geothermal and hydroelectric. The analysis is enhanced by breaking down public policy actions into six specific instruments: economic, regulatory, PS, R&D, education and information, and voluntary; and by dividing the sample of countries analyzed into two groups according to their average historical wealth level.
The results show that both the increase in the price of electricity obtained from conventional sources and the percentage of national GDP allocated to R&D activities have a positive impact on the number of patents registered in the renewable energy sector. This differs from the size of the national GDP, which is not determinant in this regard. In turn, the analysis confirms the importance of the implementation of public policy actions in promoting innovation in the sector regardless of the level of wealth of the country or the renewable energy source to which the efforts are directed.
The more detailed analysis of the impact of public policy enables us to observe differences in terms of the impacts of each instrument analyzed both for different energy sources and for country subsamples. Thus, it is possible to observe that both the EI, as well as the regulatory ones and the promotion of specific R&D in the sector and the efforts to increase the I&E of the population in this respect are effective instruments in the promotion of innovation for the five renewable energy sources analyzed in those countries whose GDP is above the historical average. In these same countries it is observed that the six public policy instruments analyzed have a positive impact on the innovation of the solar energy source. The results differ significantly for the second sub-sample of countries.
In this case, only the PS and voluntary actions carried out by different agents of the population constitute the policy instruments that have a positive impact on all the energy sources analyzed, with the exception of geothermal energy.
The difference in these results according to the sub-sample of countries could be explained by the experience of the most developed countries in the implementation of public policy actions aimed at promoting innovation in the renewable energy sector, as well as by the growing interest shown by the population in the matter. On the other hand, the differences found with respect to the different renewable energy sources analyzed can be explained due to the specific characteristics of each one in relation to the cost-benefit of the projects.
In this regard, the implementation of public policy actions to promote innovation in the renewable energy sector in general and in each of the sources analyzed in particular is indispensable.
However, it is necessary to consider that technological innovation by its nature requires the establishment of long-term objectives regardless of the country in which it is implemented and will therefore have to deal with budgetary restrictions and adjustments, as well as changes in administration. In this regard, the implementation of each of the public policy instruments should consider long-term objectives and the use of several instruments at the same time in order to increase the chances of the proposed objectives being achieved. 
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